ABSTRACT: This paper presents a study conducted in collaboration with large Canadian engineering, procurement and construction management (EPCM) firm to identify areas of improvement in the current process of progress reporting and forecasting project status at different targeted future dates. The study focused mainly on trending and time/Cost control of engineering, procurement and construction (EPC) projects. It encompassed a field study of the practices of the industrial collaborator, study of related materials from the literature, and development of standalone computer applications, which serves as add-on utilities to the propriety project management software of the industrial partner. The paper presents a model for improving trending and forecasting of time and cost in construction operations. The proposed model has 3 main functions: 1) trending of estimate accuracy, 2) integrated control and forecasting, and 3) progress visualization. @Risk 5.0 for excel, Windows SharePoint Server and visual basic for application (VBA) are used to develop 3 add-on tools to implement the developments made in the above 3 functions. Numerical examples based on a set of data from a pilot training project, developed by the industrial partner, are presented to illustrate the essential features of the developed model.
INTRODUCTION
Considerable research efforts have been made to improve the effectiveness of time and cost control of engineering, procurement and construction (EPC) projects (Alshibani, 1999; Moselhi, 1993 A field study conducted with the industrial partner resulted in a different method of calculating forecast final cost from its project management system (PM+) through Equation
TRENDING AND FORECASTING FINAL COST
Where TC = Total commitment, which are current awarded The method developed in this paper aims to alleviate the above cited limitations, while keeping it practical and simple. The process employed in this method is depicted in Figure 1 and uses Equation (2). is to provide a self-learning accuracy range for specific type of trend based on its cumulative historical information.
It assumes that the pattern of historical accuracy of a trend type will likely be repeated to a new trend estimate under this category.
Upper and lower bounds of accuracy will be treated separately with same algorithm. Equations (3) 
PROGRESS MEASUREMENT AND CONSOLIDATION
In general, overall progress status of EPC project comes from consolidated progress from engineering, procurement and construction with method developed in Table 2 .
Different methods are available to measure progress for engineering, procurement, and construction, such as using templates, key milestones, and quantities. Many papers have been presented to automate the collection of number of labor or quantities in place. However, there is not enough to provide an overall platform to facilitate these, especially for the early stage of a project. In section we outline a mechanism to measure and to roll up progress from practical level of detail to overall EPC progress. After each object is coded, it will be uploaded to webbased platform with 4 sets of attributes as metadata, so that they can be accessed remotely. The web-based platform has the capability of dynamic filtering and grouping by metadata to support the standard "bar-chart" reports.
Segment with duration of 1 week is the basic element of a "bar-chart". Hyperlink is embedded on each segment, for example, HYPL-1 provides a group of photos and video that happened in the first week, in the location of sub-area-SA, about earthwork activities.
This approach provides wide scope of visualized information for the whole project team to know the status.
It is expected to be helpful in providing information for trending and forecasting with better understanding of current status, which enables better trending and forecasting.
ADD-ON TOOLS DEVELOPMENT
The proposed method was implemented in 3 add on tools Accuracy range and Monte Carlo simulation were applied on different selected trends based on engineering completion, self-learning adjustment, and subjective methods. The results in Table 3 demonstrate that a trend estimate reaching 90% confidence level, using subjective method, is generated. This amount is integrated into forecasting final cost calculation.
Site progress photos and videos from different periods were coded with WBS, commodity, work package, and period codes. They were loaded into the third add on tool (VPR), which was developed based on SharePoint server.
One of those standard visualized progress reports grouped by WBS and commodity is shown in Figure 6 . When users move their cursors and click over the "bar chart", embedded hyperlink generated by the system will guide users to the filtered media center by period under the selected criteria. Fig.6 Prototype visualized progress report sample Table 3 Trend estimate using accuracy range from engineering completion
CONCLUSIONS
A new method to improve trending and forecasting in construction operations is presented. Its 3 key features include: 1) practical improvement on the accuracy of trending and forecasting, 2) facilitation on consistent EPC progress measurement and roll-up, and 3) visualization on progress reports from cost and time control point of view.
Three add on tools are developed and implemented using @Risk 5.0 for excel, Power Building 9.0 and Windows
